Abstract. Cancer cells are exposed to a wide range of stress sources, such as nutrient deprivation and hypoxia, as well as cytotoxic chemotherapy and radiotherapy. Certain forms of stress can also promote survival activating the metabolic autophagy pathway in cancer cells. Autophagy is dramatically increased in cancer cells. In these conditions, it is becoming evident that autophagy protects cells, by providing an alternative energy source and by eliminating dysfunctional organelles or proteins. Its role in tumorigenesis is more controversial and both the presence and the absence of autophagy have been implicated. Autophagy is known to be associated with the poor outcome of patients with various types of cancers, and its effectiveness as a prognostic marker in colorectal cancer was demonstrated by several studies. The inhibition of autophagy may be a potential therapeutic target in colorectal cancer. In vitro experiments have shown that the inhibition of autophagy increases 5-FU-induced apoptosis. There are two trials currently investigating the addition of chloroquine to 5-FU-based chemotherapy and bevacizumab. In the present study, we evaluated the expression of LC3B-II in samples of human colorectal microadenomas (i.e., dysplastic aberrant crypt foci) and carcinomas compared to normal mucosa. Furthermore, the expression pattern of LC3B-II was assessed in carcinomas classified as DNA microsatellite stable (MSS) and unstable (MSI). Thus, immunofluorescence techniques coupled with confocal microscopy and immunoblot experiments were performed. The results clearly showed a significant increase in expression of the autophagic key factor in microadenomas and carcinomas with respect to normal mucosa. In MSS carcinomas, the level of LC3B-II expression was higher than that in the MSI carcinomas.
Introduction
It is an accepted concept of the cancer paradigm that tumorigenesis results from an imbalance between cell proliferation and cell death. It is also becoming clearer that in response to cellular stress, cells may utilize multiple mechanisms that ultimately determine cell death or survival. Cancer cells are exposed to a wide range of stress sources, such as nutrient deprivation and hypoxia, as well as cytotoxic chemotherapy and radiotherapy. Cancer cells utilize several mechanisms to withstand the cell death signals that are generated upon exposure to stress. Cancer cells undergoing certain forms of stress, such as starvation or hypoxia, can also promote survival by modulating their intracellular metabolism (1); for instance activation of the metabolic autophagy pathway. Autophagy or 'cell death occurring with autophagy' is an evolutionarily conserved process aimed at maintaining cellular homeostasis by lysosomal degradation of excessive, damaged and/or aged proteins and organelles. To date, at least three distinct autophagic pathways are known: macroautophagy, microautophagy and chaperone-mediated autophagy. Microautophagy is the sequestration of cytosolic components directly by the lysosomal membrane, whereas chaperone-mediated autophagy involves translocation of targeted proteins directly into the lysosome via a chaperone. Macroautophagy is the most commonly studied form of autophagy in mammalian cells and is characterized by the sequestration of proteins and organelles, such as mitochondria, within an autophagosome (2) . Microtubule-associated protein 1 light chain (LC3) is known to be associated with the autophagosomal membrane. The LC3 precursor (pro-LC3) is proteolytically cleaved by Atg4 protease, resulting in the formation of LC3B-I. At the onset of autophagy, LC3B-I is activated and conjugated to an amino group of phosphatidylethanol-amine generating LC3B-II, and then recruited to autophagosomes (3) . An increase in LC3 was shown to be directly correlated with the number of autophagosomes and LC3B-II is considered to be the most specific marker of the autophagic process (4) .
Autophagy is dramatically increased under stressful (nutrient-deprived) conditions and hypoxia in both normal and cancer cells. Under these conditions, it is becoming evident that autophagy protects cells, by providing an alternative energy source and by eliminating dysfunctional organelles or proteins (2) . Its role in tumorigenesis is more controversial and both the presence and the absence of autophagy have been implicated (5) . Autophagy is known to be associated with the poor outcome of patients with several types of cancers, and its effectiveness as a prognostic marker in colorectal cancer was demonstrated by several studies (6, 7) .
Colorectal cancer (CRC) is the result of interactions between environmental and genetic factors. Mutations in human DNA mismatch repair (MMR) genes such as MLH1, MSH2 and MSH6 are associated with the development of both hereditary and sporadic CRCs (8) . The importance of genetic stabilization by MMR is illustrated by the fact that defects in the human MMR pathway confer a strong predisposition to human hereditary non-polyposis colorectal cancer (HNPCC) and may contribute to the development of 15-20% of human sporadic CRCs (9) . Moreover the DNA MMR system is of clinical importance since mismatch repair-deficient tumor cells are resistant to several classes of commonly used chemotherapy drugs such as the methylating agent temozolomide, the platinum-based drug cisplatin and the antimetabolite 6-thioguanine (6-GT) (10) (11) (12) .
The inhibition of autophagy has two potential therapeutic targets in CRC. CRC cells have been shown to have functional autophagic machinery that is upregulated during nutrient deprivation, providing an alternative nutrient source and acting as a survival mechanism. Inhibition of this pathway led to marked apoptotic death in CRC cells in vitro (13) . Moreover, modulation of autophagy is of interest in overcoming 5-FU resistance. 5-FU-based combination chemotherapy remains the most common drug regimen used in both adjuvant and palliative settings. 5-FU, an anti-metabolite chemotherapy, exerts its cytotoxic effects through both the inhibition of thymidylate synthetase and the incorporation of macromolecules into RNA and DNA, leading to activation of p53 and ultimately apoptosis (14) .
In vitro experiments (15, 16) have shown that the inhibition of autophagy increases 5-FU-induced apoptosis. There are two trials (NCT01206530, NCT01006369) investigating the addition of chloroquine to 5-FU-based chemotherapy and bevacizumab. As well as assessing efficacy and side-effects, these trials are also aiming to identify surrogate biomarkers for autophagy detection in patient tissue samples and for in vivo molecular imaging (17) . This highlights the need for robust biomarkers that reflect functional autophagy and the role of individualized autophagy profiles that can then be used to determine whether to inhibit or induce autophagy.
In the present study, we evaluated the expression of LC3B-II in samples of human colorectal microadenomas and carcinomas compared to normal mucosa. Furthermore, the expression pattern of LC3B-II was assessed in carcinomas classified as DNA microsatellite stable (MSS) and unstable (MSI). Thus, immunofluorescence techniques coupled with confocal microscopy and immunoblot experiments were performed. The results clearly showed a significant increase in the expression of the autophagic key factor in microadenomas and carcinomas with respect to normal mucosa. In MSS carcinomas the level of LC3B-II expression was higher than that in the MSI carcinomas. To our knowledge, this is the first study evaluating the role of autophagy in human colorectal preneoplastic lesions such as microadenomas, and in colorectal carcinomas according to the presence or absence of DNA microsatellite instability; in other words in the presence or deficiency of the DNA mismatch repair pathway.
Materials and methods
Ethics statement. All patients enrolled in the present study, which underwent colonoscopy or surgical resection for colorectal cancer at the University Hospital of Modena, were asked to provide informed written consent, and the study protocol was specifically approved by the Comitato Etico Provinciale di Modena.
Study population. Forty samples of normal colorectal mucosa (NM) were collected from 20 patients during colonoscopy. All samples were frozen at -80˚C. All patients had normal colonoscopy results. Thirty microadenomas (MAs) were also identified in 15 patients, and removed after surgery for colorectal cancer on surgical specimens, after staining of the mucosa with a 0.1% methylene-blue solution in saline, and observation under a dissecting microscope (31) . The average multiplicity of the MA examined was 79 (range, , and all showed low grade dysplasia. All MAs for each patient were frozen at -80˚C. Finally, 30 samples of colorectal cancer (CRC) were collected from 20 patients operated on for colon or rectal cancer; all samples were frozen at -80˚C, as described above.
Moreover, we studied histological sections retrieved from pathological archives of 49 carcinomas (CRC). In all 49 samples of carcinoma, the presence of instability at DNA microsatellites was determined (23 were microsatellite stable, MSS, and 26 microsatellite unstable, MSI).
Western blot analysis.
One sample frozen at -80˚C for each subject was used for western blot analysis. Whole cell lysates were obtained from 20 samples of NM, 15 MA, and 15 CRC, extracted with hypotonic buffer (50 mM Tris-Cl, pH 7.8, containing 1% Nonidet P-40, 140 mM NaCl, 0.1% SDS and Na-deoxycholate, 1 mM Na 3 VO 4 , and freshly added protease inhibitor cocktail). Lysates were then cleared by centrifugation for 15 min in a refrigerated centrifuge, max speed, and immediately boiled in SDS sample buffer. An amount of 40 mg of protein extracted from each sample (NM, MA, and CRC) was electrophoresed on SDS-PAGE and transferred to nitrocellulose membranes. The membranes were blocked with 3% dry milk and 2% BSA in PBS-T, and incubated with the following antibody, diluted at 1:1,000 overnight at 4˚C under agitation: [rabbit anti-human MAPLC3 (Santa Cruz Biotechnology)]. After washing, the membranes were incubated with a secondary HPR-conjugated goat anti-mouse IgG antibody (1:5,000) for 30 min at room temperature. Immunoreactive proteins were detected with ECL (Amersham). Anti-mouse-β-tubulin (Sigma) was used as loading control. Densitometric analysis was performed using a Kodak Image Station 440cf system (Kodak, Rochester, NY, USA), and semi-quantitative analysis was performed with NIH Image J software. For each sample and marker, the band intensities were normalized to β-tubulin, and the results are expressed as the normalized treatment to the control ratio.
Microsatellite instability. The DNA microsatellite status of all tumors was evaluated using four fluorescent-labeled mononucleotide markers, BAT25, BAT26, NR24 and CAT25. These quasi-monomorphic markers were selected after in-depth review of the literature for their very high sensitivity and specificity in identifying mismatch repair-deficient tumors (18) (19) (20) . Using this mononucleotide marker panel, a tumor was defined as MSI-positive when showing instability with at least three markers.
DNA from the tumor tissues was amplified in a 10-µl volume containing 30-50 ng of DNA, 0.15 pmol of dye-labeled forward and unlabeled reverse primers, 2 mM concentration of each deoxynucleotide triphosphate, 1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris (pH 8.3) and 0.6 units of Taq polymerase. Thermocycling conditions were: 94˚C for 4 min, followed by 11 touchdown cycles, each with a denaturing step at 94˚C for 30 sec, an extension step at 72˚C for 15 sec and a 75 sec annealing step that decreased 1˚C/cycle (beginning at 65˚C in the first cycle and decreasing to 55˚C in the 11th cycle). The 11th cycle was then repeated 26 times for a total of 37 cycles of PCR; finally an extension step of 4 min at 72˚C followed by storage at 4˚C. PCR products were prepared for analysis by pooling 2 µl of dye-D2 reaction, 1 µl of dye-D3 and 0.5 µl of dye-D4 reaction; 40 µl of deionized formamide and 0.5 µl of CEQ DNA size standard-400 were added to 0.7 µl of the each mixture. All samples were run on a CEQ 8000 sequencer and analyzed using a CEQ 8000 Fragment Analysis system (Beckman Coulter) (21) .
Evaluation of immunofluorescence by confocal microscopy.
One sample frozen at -80˚C for each subject was used for immunofluorescence analysis to evaluate the expression of LC3B-II, vimentin, myeloperoxidase, CD-20 and CD-3 proteins. Twenty samples of NM, 15 MAs and 15 CRCs were fixed in 4% paraformaldehyde in PBS, cryoprotected in 15% sucrose in PBS, and frozen in isopentane cooled in liquid nitrogen. Horizontal cryosections of the samples were cut (10 µm thick), and hematoxylin and eosin (H&E) staining was performed on sections for control tissue integrity and histology. Moreover, the 49 samples of MSS and MSI carcinomas, embedded in paraffin, were used for immunofluorescence analysis as described above. Before immunohistochemistry, routine histology of all tissue samples was carried out after H&E staining of the sections. Slides were dried overnight at 37˚C, dewaxed in two changes of fresh xylene, and rehydrated in a descending alcohol series. Antigen retrieval involved treatment with a protease (Pronase 1:20; DakoCytomation) for 7 min at 37˚C. After treatment with 3% BSA in PBS for 30 min at room temperature, the cryostatic and paraffin sections were incubated with the primary antibodies: rabbit anti-human MAPLC3 (Santa Cruz Biotechnology); mouse anti-human CD-3, mouse anti-human CD-20, mouse anti-vimentin and mouse anti-myeloperoxidase (Dako), diluted 1:25 in PBS containing 3% BSA for 1 h at room temperature. After washing in PBS, the samples were incubated for 1 h at room temperature with the secondary antibodies diluted 1:20 in PBS containing 3% BSA [sheep anti-mouse FITCconjugated, goat anti-rabbit TRITC-conjugated (Sigma)]. After washing in PBS and in H 2 O, the samples were counterstained with 1 mg/ml DAPI in H 2 O and then mounted with anti-fading medium (0.21 M DABCO and 90% glycerol in 0.02 M Tris, pH 8.0). Negative control samples were not incubated with the primary antibody. The confocal imaging was performed on a Leica TCS SP2 AOBS confocal laser scanning microscope. Excitation and detection of the samples were carried out in sequential mode to avoid overlapping of signals. Sections were scanned with laser intensity, confocal aperture, gain and black level setting kept constant for all samples. Optical sections were obtained at increments of 0.3 mm in the z-axis and were digitized with a scanning mode format of 512x512 or 1,024x1,024 pixels and 256 grey levels. The confocal serial sections were processed with the Leica LCS software to obtain three-dimensional projections. Image rendering was performed by Adobe Photoshop software. The original green fluorescent confocal images were converted to grey-scale and median filtering was performed. An intensity value ranging from 0 (black) to 255 (white) was assigned to each pixel. Background fluorescence was subtracted and immunofluorescence intensity (IF) was calculated as the average for each selected area. The IF of the selected areas, linearly correlated with the number of pixels, was quantitatively analyzed using the standard imaging analysis software of an NIS-Elements system. Each sample was assigned a code number and the score, referred to as immunofluorescence intensity score (IFIS), was determined by an observer who was blinded to the tissue groups during the analysis (22) .
Statistical analysis. All quantitative data for NM, MA, and CRC are reported as mean ± SD. The average expression difference in the various groups of colorectal lesions, was tested for statistical significance using Kruskal-Wallis analysis, followed by Student-Newman-Keuls test. A value of P<0.05 was chosen to indicate a statistically significant difference.
Results

Patterns of LC3B-II autophagic activity in the adenoma-carcinoma sequence.
In order to evaluate the expression pattern of LC3B-II protein in the samples of normal colorectal mucosa (NM), microadenoma (MA) and colorectal cancer (CRC), immunofluorescence experiments coupled with confocal analysis were performed. Moreover, this technique allowed us to define the accurate distribution pattern of LC3B-II protein in very thick samples, and its immunostaining quantification.
Cells expressing LC3B-II protein showed two distinct autophagic patterns: a diffuse finely and granular reactivity dispersed in the cytoplasm, or a rounded densely stained material, probably enclosed within a cytoplasmic vacuole that accumulated prevalently around the nucleus.
The diffuse granular pattern, often similar to small clumps, was noted in many cancerous epithelial cells of all sections studied, although to a different extent and staining intensity (Fig. 1D) .
The dense rounded autophagic vacuoles were well recognizable in stromal cancer cells; such structures varied in size and density, but usually formed coarse, rather than fine, granules (Fig. 1H) .
The staining patterns of LC3B-II protein that varied from a diffuse mode to a granular one in the cytoplasm of stromal cells, appeared consistent and unchanged in the same samples, without appreciable variations in intensity and localization among the cells. In all NM samples a few scattered areas in the stromal compartment exhibited a moderate LC3B-II-reactivity, although the epithelial cells were not marked (Fig. 1A ).
An intense staining was evident in MA, in stromal cells surrounding colonic crypts, but no appreciable LC3B-II staining of epithelial cells was found (Fig. 1B) . LC3B-II-positive cells were observed throughout the resected tissue in all CRC lesions and they were particularly numerous within the central tumor stroma (Fig. 1C) . Concerning the stromal compartment, the samples of CRC were characterized by a higher number of LC3B-II-positive cells with respect to the MAs (Fig. 1B and C) ; in a subset of carcinoma samples, positive cells were not evenly distributed in the tissue, but tended to gather in some areas, usually at the edge of the neoplastic tissue (Fig. 1E) , not only in the stroma inside the tumor (Fig. 1F) but also among the neoplastic cells at the margins of the lesions (Fig. 1G) .
Moreover, interestingly, a consistent epithelial positivity was observed in CRC: the protein aggregated in small clumps distributed in the cytoplasm at the lateral and basal portions of the epithelial cells ( Fig. 1D and E) .
The semi-quantitative evaluation of immunostaining intensity reported as immunofluorescence intensity score (IFIS) (Table I) showed that the level of LC3B-II protein in both epithelial and stromal compartments had an increasing trend from NM to CRC, with statistical significance of the different expression among the groups.
LC3B-II expression pattern in DNA microsatellite stable (MSS) and unstable (MSI) carcinomas.
Tumor samples from patients registered in the Colorectal Cancer Registry of Modena, evaluated for DNA microsatellite instability, were analyzed with immunofluorescence techniques, and semi-quantitative evaluation of immunofluorescence staining intensity was performed.
Many stromal cells showed an intense LC3B-II immunoreactivity in the cytoplasm; bright tiny or large aggregates, as expected for autophagosomes, as well as a more diffuse cytoplasmic staining were well recognizable ( Fig. 1K and L) . The positive stromal cells appeared deeply located, inside the tumor, both in stable and unstable tumor samples.
In the epithelium, LC3B-II protein was distributed homogenously in a diffuse/granular staining pattern throughout the cytoplasm, accumulated predominantly at the apical region of cell towards the lumen of colonic crypts ( Fig. 1I and J) . These features were more evident in MSS tumors (Fig. 1I ) than in MSI ones (Fig. 1J) , although positive staining was still detectable in the cells of the surface epithelium and upper glands.
Concerning the semi-quantitative analysis of immunofluorescence intensity, there were substantial differences between stable and unstable tumors. Indeed the IFIS of MSS tumors was 110±11 (SD), whereas IFIS of MSI tumors was 89±11 (SD); the difference was statistically significant (Table II) . In the lamina propria of both stable and unstable tumor samples, some infiltrating mononuclear cells were strongly positive for LC3B-II in the cytoplasm.
In order to clarify the role of the stromal compartment in the synthesis of LC3B-II, we tried to identify the type of stromal cells mostly involved in this process. For this purpose, double immunofluorescence analyses were performed with the LC3B-II antibody together with several antibodies specific for different stromal cells, i.e., anti-vimentin, specific for fibroblast-like cells, anti-myeloperoxidase, specific for neutrophils, anti-CD-20 and anti-CD-3 which recognize T and B lymphocytes, respectively. Interestingly, the staining profiles observed showed the highest amount of LC3B-II-positive cells, ~40%, in fibroblast-like cells and 10% T lymphocytes/natural killer cells, as revealed by co-immunostaining with LC3B-II and the antibodies specific for these different cell types (Fig. 1M-T) . Very few LC3B-II-positive neutrophils were observed in the tumor stroma. No match with LC3B-II and CD-3 was found. Those percentages were almost the same in the two different types of samples, i.e., stable and unstable tumors.
Western blot analysis.
To confirm the findings of the morphological evaluation as described above, cell lysates of NM, MA, and CRC, were subjected to western blot analysis. As shown in Fig. 2A , protein bands immunopositive for LC3-I and LC3-II forms were clearly evident in a representative sample of MA and CRC. Samples of NM generally yielded only a faint band for LC3-I and LC3-II. All tumor tissues showed stronger bands for LC3, especially for LC3-II, compared with the MAs. Densitometric analysis and normalization (with equal amounts of protein loading) of the immunoreactivity signals from protein extracts of NM, MA and CRC showed that the level of LC3-I and LC3-II proteins had an increasing trend from NM to CRC, with statistical significance of the different expression levels (Fig. 2B) .
Discussion
To underline the novelty of our study, the following main findings of the present investigation are summarized as follows. i) The staining patterns of LC3B-II protein varied both in morphological and quantitative aspects during the neoplastic progression of human intestinal mucosa. The results clearly outline that there is a striking increase in the intensity and density of staining for LC3B-II protein in the normal mucosa-microadenoma-carcinoma sequence. Immunofluorescence analyses showed that LC3B-II was expressed in normal mucosa, although at low levels, whereas it was significantly increased in microadenoma and in cancer.
ii) The results obtained with immunofluorescence analyses were confirmed by western blotting data, with no difference according to the various techniques used. iii) In DNA microsatellite stable and unstable tumors, a strong positive staining was detectable both in epithelial and stromal compartments, and there were substantial differences between stable and unstable tumors in the semi-quantitative analysis of immunofluorescence. In MSS carcinomas, the level of LC3B-II expression was higher than that in MSI carcinomas, and LC3B-II-positive cells were mostly (40%) fibroblast-like cells.
The first point to emphasize is that the aim of this study was to deepen the knowledge of the relationship between autophagy and human CRC progression from the early steps of this process. To our knowledge, this is the only study in which the LC3B-II expression pattern in DNA microsatellite stable and unstable CRCs was investigated.
Emerging evidence has shown that tumorigenesis and the progression of human cancers are affected by disturbances in the molecular machinery regulating autophagy (5, 23) . However, the role of autophagy in cancer development and progression remains controversial and may be regarded as a double-edged sword. Recycling old and damaged cellular material induced by stress and toxic injuries, in addition to providing an alternative energy source, could be seen as assisting cancer cell survival. On the other hand, when autophagy is pushed beyond a crucial 'switch' point, it can lead to cell death which, if harnessed, would be a useful mechanism for eradication of tumor cells. Autophagy is considered a form of programmed cell death (type II) responsible for eliminating damaged and/ or harmful cells such as cancer cells treated with anticancer reagents. Several studies citing the pros and cons of autophagy in the cancer context may be found in the scientific literature. Autophagy can be involved in either the promotion or inhibition of cancer cell survival (24, 25) . Experimental studies have indicated that in the case of CRC cell lines, that were resistant to nutrient deprivation culture conditions, autophagy may provide an alternative source of energy through degradation of organelles (13) . Degraded material would either be coverted into energy or biomass production, and the energy aspect would certainly benefit CRC cells which are under hypoxia when the blood supply is limited in the central portion of the tumor mass. Interestingly, we found that the expression levels of LC3B-II were increased in precancerous lesions (i.e., microadenomas), with respect to normal mucosa. The increment was statistically significant and it was even more evident in the carcinoma samples. These data are in keeping with the results reported in our previous study, in which we demonstrated a gradual increase in hypoxia-inducible factor-1α (HIF-1α) protein expression in microadenomas, adenomas and carcinomas, showing a strong relation to dysplasia (26) . HIF-1α is a key transcription factor that accumulates under hypoxic conditions (27) . The importance of the association between hypoxia/HIF-1α and autophagy has previously been demonstrated (28, 29) . This relationship seems to indicate that hypoxia, an early event in tumor growth, may trigger autophagy during malignant transformation (30) . Moreover, we showed a marked downregulation of apoptosis in human colorectal microadenomas with respect to normal mucosa (31) . It is an accepted feature of the cancer paradigm that tumorigenesis results from an imbalance between cell proliferation and cell death. It is also becoming clearer that in response to cellular stress, cells may utilize multiple mechanisms that ultimately determine cell death or survival. Apoptosis and autophagy are regulated by common upstream signals, share common components, and there is also a functional relationship between autophagy and apoptosis (32) . Regarding cancer development and treatment, the two processes commonly occur in the same cells; in some cases inhibition of apoptosis causes autophagy (33) , while, in other cases, inhibition of autophagy triggers apoptosis (34) . Taken together our findings indicate that autophagy can be viewed as a survival pathway to promote cancer development, especially given the fact that the biomarker of autophagy is strongly detectable from the early stage of CRC progression. Thus targeting autophagy may be a useful strategy for cancer treatment. These observation are in keeping with those of Yoshioka et al (35) .
Moreover, autophagy is known to be associated with poor outcome in several types of cancers and several studies have also demonstrated its effectiveness as a prognostic marker in CRC (6, 7, 36, 37) . Autophagy is reported to be upregulated and associated with drug resistance in various treatment modalities for CRC (15) . This process can prevent or promote colorectal carcinogenesis as well as modulate the response to various treatments (38, 39) . Therapeutic research and clinical trials are currently underway to target both these properties (40) . Another interesting finding of our study is the analysis of LC3B-II in samples of DNA microsatellite stable and unstable carcinomas. The DNA mismatch repair system plays a critical role in mutation avoidance and tumor suppression. The impor- tance of genetic stabilization by MMR is illustrated by the fact that defects in the human MMR pathway confer a strong predisposition to human hereditary non-polyposis colorectal cancer (HNPCC) and may contribute to the development of 15-20% of human sporadic CRCs (41) . The MSI phenotype is characterized by a very specific clinicopathological profile. Colorectal tumors with MSI are more often localized in the right colon and are associated with high histological grade, mucinous component, tumor-infiltrating lymphocytes, more necrosis and the presence of a Crohn's like host response (42) . Thus, it was interesting to see whether these histological findings had an impact on patient outcome. A better prognosis of MSI tumors has been reported in studies describing this genetic instability in CRC (43, 44) , as in further retrospective studies (45) (46) (47) (48) (49) . However, many of the studies were of small sample size and included stage I-IV cancers and/or patients treated by adjuvant or palliative chemotherapy. Studies with a larger population restricted to stages II and III and randomized versus no treatment are crucial to demonstrate the prognostic significance of the altered MMR system in resected CRC. However, research recently showed that most (90%) MSI tumors were part of the low risk group among stage II colon cancer patients classified by the prognostic ColoPrint ® gene expression signature in a series of 114 stage II tumors (50) . Moreover, MSI remained a strong independent prognostic marker in a multivariate analysis including the other well-known prognostic Oncotype ® gene expression signature performed in 1,436 stage II colon cancers from the QUASAR study (51, 52) . Mechanisms underlying the favorable prognosis of MSI CRC remain widely unknown. The presence of a local antitumor cytotoxic immune response due to the high content of tumor-infiltrating lymphocytes that characterizes these tumors may partially explain their better clinical outcome (53) . This immune response also probably explains the higher number of lymph nodes found in resected samples of MSI stages I and II CRC compared to their MSS counterpart (54) . This study showed a significant difference in the semi-quantitative analysis of LC3-II protein expression pattern, i.e., the higher intensity of fluorescence in MSS carcinomas with respect to MSI carcinomas in the epithelium of colon cancer cells. Another point of the present study was the identification of the types of stromal cells producing LC3-II proteins in MSS and MSI carcinomas, which has never been previously reported. LC3-II was expressed by stromal fibroblasts in a high percentage and by T lymphocytes/natural killer cells in smaller amounts. Several studies using mouse models of genetically altered fibroblasts demonstrated a direct involvement of resident fibroblasts in the onset of cancer (55); moreover, both genetic and cell-biology studies indicate that tumor growth is not just determined by malignant cancer cells themselves, but also by the tumor stroma (56) . The expression of autophagy-related proteins in the stroma can be explained by the reverse Warburg effect -the interaction between tumor and stromal metabolism in breast cancer. According to this hypothesis, reactive oxygen species from breast cancer cells induce stromal glycolysis, mitochondrial dysfunction, and increased autophagy. Ketone bodies and lactate resulting from stromal cell glycolysis enter the tumor cell, which generates ATP through oxidative phosphorylation. Therefore, according to this theory, the expression of LC3B-II we observed in the stroma may reflect increased stromal autophagic activity.
Thus, the cells interacting with the tumor cells are probably cancer-associated fibroblasts (CAFs) (57) (58) (59) . CAFs represent the major cellular component of the desmoplastic stroma of solid cancers and their metastases (60) .
In clinical practice, two molecular features are currently used in order to select the best therapeutic approach in CRC patients. The first is the DNA microsatellite status and second is the KRAS status. KRAS is mutated in a substantial part of all CRCs, with a particular increased prevalence in MSSs, while when we consider only MSIs this prevalence drops. This is of great interest for our study, since we demonstrated that autophagy is significantly higher in MSSs than in MSIs. Thus, a clinical evaluation of the expression of autophagy in CRC patients could play a role in selecting potential responders or non-responders to autophagy inhibitory drugs. In conclusion, we elucidated the expression pattern of an autophagy-related protein in the adenoma-carcinoma sequence of the human large bowel, investigating the relationship between the autophagic process and the DNA microsatellite status. Our data suggest that autophagy is activated in human CRC cells and may represent a pro-survival mechanism by enhancing the ability of cancer cells to adapt to apoptotic stimuli and hypoxic conditions during cancer progression.
